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1. 

2,941,359 
CONTROL SYSTEM CONTROLLING ONE oUTPUT 
WARHABLE AND PROVIDING LIMITS FOR 
O'HER OUTPUTs 

David R. Miller and George Brown, South Bend, Ind., 
assignors to Bendix Aviation Corporation, South Bend, 
Ind., a corporation of Delaware 

Filed Aug. 25, 1954, Ser. No. 452,029 
13 Claims. (C. 60-39.28) 

This invention pertains to control systems and more 
particularly to an electrical system for maintaining a 
controlled variable at a requested value subject to an 
overriding action when a second variable reaches a 
value beyond certain set limits. 

In accordance with our invention variations in a pri 
mary variable condition, quality, or quantity are trans 
lated into an electrical signal which is a primary control 
factor in maintaining said variable within limits. A sec 
ondary variable condition is also sensed and changes 
therein are translated into electrical effects capable of 
overriding the first variable signal when the secondary 
variable reaches critical values. This invention is de 
scribed broadly herein and also in connection with a 
particular application, i.e. a gas turbine control system, 
and it will be apparent that the system disclosed herein 
is capable of controlling many variables such as tem 
perature, pressure, rate of fluid flow, displacement or 
other variables capable of being represented by an elec 
trical value, subject to an override by a second variable 
which may become critical if allowed to drift outside 
certain limits. It is, therefore, an object of the present 
invention to provide a system capable of controlling a 
first quantity within close limits and providing an over 
riding control signal when a second quantity exceeds 
certain established values. 

It is a further object to provide a control system in 
which overriding signals may be provided for as many 
variables as desired with no adverse effect in smoothness 
of operation. 

Other objects and advantages will become apparent 
from the following specification and the accompanying 
drawings in which: 

Figure 1 is a block diagram of the invention in its 
simpliest form without regard to the controlling variables. 

Figure 2 is a block diagram of the invention as adapted 
for use in a gas turbine fuel control system. 

Referring to Figure 1, a request or reference signal 
which may be a voltage proportional to a desired magni 
tude of a controlled variable is supplied to a comparing 
amplifier 10 the output from which is supplied to the 
two other comparing amplifiers 2 and 14 and to a sum 
ming annplifier 6. The output of amplifier 16 drives a 
control unit 18 which, in turn, governs the quantity or 
magnitude of whatever controlling factor is supplied to 
the plant 20. In plant 20 this controlling factor produces 
an effect upon the controlled variable. Two qualities A 
and B of the controlled variable are sensed in plant 20, 
electrical signals proportional to the magnitudes thereof 
being supplied to comparing amplifiers 10, 12 and 14. 
Assuming that the controlled variable must generally be 
held to a requested value of quality A and within estab 
lished maximum and minimum limits of quality B, then 
the signal proportional to the sensed magnitude of quality 
A must be supplied to amplifier 10 and the signal pro 
portional to quality B must be supplied to amplifiers 12 
and 14. These sensed signals are of opposite polarity 
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from their request or reference signals so that when come 

2 
bined in the amplifiers the resultant signal will be pro 
portional in magnitude and polarity to the amount and 
direction of error respectively, of the quality sensed. Am 
plifiers 12 and 14 are supplied with reference signals 
corresponding to critical maximum and minimum values, 
respectively, for quality B, a sensed signal proportional 
to the magnitude of quality B, and also an A error sig 
nal from the output of amplifier 10 which has been Sub 
jected to a phase inversion in each of circuits 21 and 
22. Referring particularly to amplifier 12 the B ref 
erence might be a comparatively high voltage representa 
tive of a maximum allowable value and the B sensed 
voltage somewhat lower signifying that the controlled 
variable in plant 20 is below the critical maximum. 
These voltages, when compared, produce a resultant sig 
nal of the same polarity as the B reference and which 
is, in turn, compared with a negative A error voltage 
from amplifier 10. This resultant signal, which reflects 
a value of quality B within the critical maximum, is 
blocked by a rectifying device 23 from reaching com 
bining amplifier 16 and therefore has no effect upon 
control unit 18. Should the B signal from plant 20 
be representative of a value beyond the critical maxi 
mum, it will override the B reference voltage, thus pro 
ducing a resultant signal of opposite polarity to that in 
the example above. This signal is further augmented by 
being combined with the negative A error voltage as 
described above and the resultant, which is of proper 
polarity to pass rectifying device 23, is supplied to the 
combining amplifier 16. It will be noted that a positive 
A error voltage is also supplied to this amplifier. These 
two A error voltages cancel and the control unit 8 is 
supplied with a signal which is a function only of the 
critical value of quality B. This control unit will then 
correct the controlled variable until quality B is no longer 
critical. The loop including amplifier 14, phase invertor 
22, rectifying device 24 and the combining amplifier 16 
operates in the same manner as described above except 
that the B reference is representative of a critical mini 
mum value rather than a critical maximum. The sys 
tem described, then, controls the output of plant 20 to a 
requested value of quality A and maintains said output 
within critical maximum and minimum limits of qual 
ity B. 

In Figure 2 is shown a block diagram of our control 
system as applied to a gas turbine engine 30. The 
parameters here under consideration are speed, which is 
the primary control function, and tailpipe or burner 
temperature, which is the secondary function. These 
parameters are both controlled by varying the amount 
of fuel supplied to the engine through valve 32. This 
valve is operated by a servo valve 34 which, in turn, is 
actuated by a torque motor 36. The signal for this 
torque motor is supplied by a combining amplifier 38. 
The speed request originates in a circuit 40 which is 
directly connected to a speed selector 42. The sensed 
speed signal is supplied by a tachometer 44 which is 
driven directly from engine 30. The tachometer and 
speed selector signals are compared in circuit 40 which 
has as its output the resultant speed error signal. This 
speed error, signal is supplied to a speed amplifier 46 
and, after being reversed in polarity in circuits 47 and 48 
to temperature amplifiers 49 and 50. The temperature 
signal originates in a temperature sensing unit 52 which 
may contain one or more thermocouples and is supplied, 
as shown, to two comparing circuits 54 and 56. In 
circuit 54, the sensed temperature signal is compared 
with a temperature reference corresponding to a critical 
maximum value, in this case 1600 F. Circuit 56 com 
pares a minimum temperature reference corresponding 
to 600 F. with the sensed temperature signal. The 
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resultant temperature error signals are Supplied to the 
temperature amplifiers 49 and 50 where they are con 
pared with the speed error signal from circuit 40. The 
signal resulting from this comparison is Supplied from 
amplifier 49 to rectifier 58 and from amplifier 50 to recti 
fier 60. Any output from either of these circuits is then 
fed to the combining amplifier 38. This system operates 
in the same manner as that described with relation to 
Figure 1. If the temperature signal is between 600 
F. and 1600 F. the polarity of the signal supplied to 
the rectifiers 58 and 60 will be against the normal direc 
tion of conduction and no temperature signal will ap 
pear at combining amplifier 38. This leaves the engine 
30 controlled entirely on speed. Should an under-tem 
perature condition develop, however, the signal leaving 
comparing circuit 56 and, hence, temperature amplifier 
50 will be of such polarity as to be conducted through 
rectifier 60 to combining amplifier 38. It will be noted 
that a signal from speed circuit 40 was supplied after 
suffering a phase inversion to temperature amplifier 50. 
This signal is conducted through rectifier 60 with the 
under-temperature signal and effectively cancels out the 
speed signal in amplifier 38 leaving the engine con 
trolled entirely on temperature. This temperature sig 
nal, of course, is of such polarity as to represent a re 
quest for more fuel. Should an over-temperature con 
dition exist, the upper branch as shown would operate 
in the same manner delivering a request for reduced fuel 
flow. In either case, the system controls on temperature 
only until the temperature sensor 52 indicates that the en 
gine is again operating within the established temperature 
limits. As soon as this occurs the signals in the tem 
perature amplifiers again are blocked by rectifiers 58 and 
60 and the speed signal will control. 

It is important to note that when the system makes the 
change to temperature error it is actually the algebraic 
sum of the temperature error and speed error signals 
which must have the proper polarity to be conducted 
through the rectifying devices. Therefore this transition 
may occur at a time when temperature error itself is still 
of such polarity as to indicate that operating temperature 
is within the established limit. As a result, control is on 
temperature before the actual temperature limit is reached, 
which provides temperature anticipation since the control 
now acts to reduce the rate of increase of fuel flow to 
control to the limit temperature. 
We have disclosed herein a system for controlling a gas 

turbine engine with speed as a primary control function 
but within maximum and minimum temperature limits. 
We have also shown that our system is applicable in many 
situations wherein it is desired that a controlled variable 
be controlled primarily on the parameter “A” but within 
limits of a parameter "B." It is, of course, an obvious 
modification to control a variable primarily on one pa 
rameter and within limits on as many parameters as may 
be found to be critical. The additional parameters are in 
corporated into the circuit in a manner analogous to the 
temperature function discussed above. It may be deter 
mined that in a particular application only a maximum 
or a minimum value of a parameter is critical, in which 
case it would be necessary to employ only one of the lim 
iting branches described above. This could be the case 
in an engine control where slight over-temperatures are 
dangerous but lower limits can be otherwise scheduled 
within acceptable accuracy. 
We claim: 
1. In a system for controlling a variable quantity as a 

function of a first parameter and within limits of a second 
parameter, means for creating an electrical reference sig 
nal proportional to a desired value of said first parameter, 
means for creating a signal proportional to the sensed 
value of said first parameter, means for creating a first 
error signal by comparing said reference and sensed sig 
inals, means for creating a second reference signal propor 
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tional to a critical maximum value of said second param 
eter, means for creating a third reference signal propor 
tional to a critical minimum value of said second param 
eter, means for creating a signal proportional to a sensed 
value of said second parameter, a circuit for producing a 
second error signal by comparing said second reference 
signal with said signal proportional to said second param 
eter, a circuit for producing a third error signal by com 
paring said third reference signal with said signal propor 
tional to said second parameter, a second error signal 
ainplifier and a third error signal amplifier, means Supply 
ing said first error signal in inverted form to each of said 
error signal amplifiers, a combining amplifier and means 
for supplying said first error signal to said combining am 
plifier, a rectifier connected between said second error 
signal annplifier and said combining amplifier in such 
manier as to block all error signals from said amplifier 
except those representative of values in excess of said 
critical maximum, a second rectifier connected between 
said third error signal amplifier and said combining arm 
plifier in such manner as to block all error signals from 
said amplifier except those representative of values below 
said critical minimum, actuating means driven by the out 
put of said combining amplifier, and means driven by 
said actuating means for controlling said variable 
quantity. . 

2. In a system for controlling a variable quantity as a 
function of a first parameter and within limits of a second 
parameter, means for creating electrical signals propor 
tional to the instantaneous values of said first and second 
parameters, means for creating an electrical signal pro 
portional to a desired value of said first parameter, means 
for creating an electrical signal proportional to a critical 
maximum value of said second parameter, and means for 
creating an electrical signal proportional to a critical 
minimum value of said second parameter, a first circuit 
for producing a first error signal by comparing said signal 
proportional to the instantaneous value of said first param 
eter with said signal proportional to said desired value 
of said first parameter, second and third circuits for pro 
ducing second and third error signals by comparing said 
signal proportional to the instantaneous value of said 
second parameter with each of said signals proportional to 
said critical maximum and minimum values of said second 
parameter, means supplying said first error signal in in 
verted form to said second and third circuits, a combining 
amplifier having connections to said first, second, and 
third circuits, a rectifier connected between said second 
circuit and said combining amplifier in such manner as 
to block all error signals from said circuit except those 
representative of values in excess of said critical max 
imum, a rectifier connected between said third circuit and 
said combining amplifier in such manner as to block all 
error signals from said circuit except those representative 
of values below said critical minimum, and means driven 
by said combining amplifier for controlling said variable 
quantity. - - - - 

3. In a system for controlling a variable quantity as a 
function of a first parameter and within maximum and 
minimum limits of a second parameter, means for pro 
ducing an electrical signal proportional to the difference 
between actual and desired values of said first parameter, 
means for producing a second signal proportional to the 
difference between the actual value of said second param 
eter and the maximum allowable value thereof, means for producing a third signal proportional to the difference be 
tween the actual value of said second parameter and the 
minimum allowable value thereof, means for combining 
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said first signal in inverted form with said second and 
third signals, a combining amplifier having connections to 
each of said signal producing means, a rectifier connected 
between said second signal producing means and said com 
bining amplifier in such manner as to block all signals 
from said means except those representative of values in 
excess of said maximum limit, a rectifier connected be 
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tween said combining amplifier and said third signal pro 
ducing means in Such manner as to block all error signals 
from said means except those representative of values 
below said minimum limit, and means driven by said 
combining amplifier for controlling said variable quantity. 

4. In a system for controlling the supply of fuel to a 
gas turbine engine primarily as a function of speed but 
within limits of engine operating temperature, a fuel 
valve, a tachometer for producing a signal proportional 
to instantaneous values of engine speed, temperature 
sensing means for producing a signal proportional to 
instantaneous values of engine operating temperature, a 
speed selector and means actuated by said speed selector 
for producing a speed request signal, a circuit for pro 
ducing a speed error signal by comparing said tachometer 
signal with said speed request signal, means producing 
a maximum temperature reference signal and a circuit 
for comparing said reference signal with said temperature 
signal to produce a maximum temperature error signal, 
means producing a minimum temperature reference signal 
and a circuit for producing a minimum temperature error 
signal by comparing said minimum temperature reference 
signal with said temperature signal, an amplifier for ampli 
fying each of said temperature error signals, means for 
supplying said speed error signal in inverted form to each 
of said amplifiers, an amplifier for amplifying said speed 
error signal, a combining amplifier having connections 
to each of said temperature amplifiers and to said speed 
amplifier, a rectifier connected between one of said tem 
perature amplifiers and said combining amplifier in such 
manner as to block all error signals from said amplifier 
except those representative of values in excess of the 
maximum temperature reference, a second rectifier con 
nected between the second of said temperature amplifiers 
and said combining amplifier in such manner as to block 
all error signals from said combining amplifier except 
those representative of values below said minimum tem 
perature reference, and means driven by said combining 
amplifier for actuating said fuel valve. 

5. In a system for controlling the supply of fuel to a 
gas turbine engine primarily as a function of speed and 
within limits of engine operating temperature, a fuel 
valve, means for creating an electrical reference signal 
proportional to a desired value of speed, means for 
creating a signal proportional to the sensed value of 
speed, means for creating a first error signal by com 
paring said reference and said sensed signals, means for 
creating a second reference signal proportional to a criti 
cal maximum value of engine operating temperature, 
means for creating a third reference signal proportional 
to a critical minimum value of engine operating tem 
perature, means for creating a signal proportional to a 
sensed value of engine operating temperature, a circuit 
for producing a second error signal by comparing said 
second reference signal with said signal proportional to 
engine operating temperature, a circuit for producing a 
third error signal by comparing said third reference signal 
with said signal proportional to engine operating tem 
perature, a second error signal amplifier and a third error 
signal amplifier, means supplying said first error signal 
in inverted form to each of said error signal amplifiers, 
a combining amplifier and means for supplying said first 
error signal to said combining amplifier, a rectifier con 
nected between said second error signal amplifier and 
said combining amplifier in such manner as to block all 
error signals from said amplifier except those representa 
tive of over-temperature values, a second rectifier con 
nected between said third error signal amplifier and said 
combining amplifier in such manner as to block all error 
signals from said amplifier except those representative 
of under-temperature values, actuating means driven by 
the output of said combining amplifier, and means driven 
by said actuating means for controlling the position of 
said valve. 

10 

5 

20 

25 

30 

35 

40 

45 

50 

60 

O 

75 

6 
6. In a system for supplying fuel to a gas turbine 

engine primarily as a function of turbine speed and within 
maximum and minimum limits of engine operating tem 
perature, means for producing an electrical signal pro 
portional to the difference between actual and desired 
values of speed, means for producing a second electrical 
signal proportional to the difference between the actual 
value of temperature and the maximum allowable value 
thereof, means for producing a third electrical signal 
proportional to the difference between the actual value 
of temperature and the minimum allowable value thereof, 
means for combining said first signal in inverted form 
with said second and third signal producing means, a 
combining amplifier having connections to each of said 
signal producing means, a rectifier connected between 
said second signal producing means and said combining 
amplifier in such manner as to block all signals from said 
means except those representative of over-temperature 
values, a rectifier connected between said combining am 
plifier and said third signal producing means in such 
manner as to block all signals from said means except 
those representative of under-temperature values, and 
means driven by said combining amplifier for controlling 
the supply of fuel to said engine. 

7. In a system for controlling the supply of fuel to a 
gas turbine engine primarily as a function of speed but 
below a critical limiting value of engine operating tem 
perature, a fuel valve, a tachometer for producing a 
signal proportional to instantaneous values of engine 
speed, temperature sensing means for producing a signal 
proportional to instantaneous values of engine operating 
temperature, a speed selector and means actuated by 
said speed selector for producing a speed request sig 
nal, a circuit for producing a speed error signal by com 
paring said tachometer signal with said speed request 
signal, means producing a temperature reference signal 
and a circuit for comparing said reference signal with 
said temperature signal to produce a temperature error 
signal, a temperature amplifier for amplifying said tem 
perature error signal, means for supplying said speed 
error signal in inverted form to said amplifier, a speed 
amplifier for amplifying said speed error signal, a com 
bining amplifier having connections to said temperature 
amplifier and to said speed amplifier, a rectifier con 
nected between said temperature amplifier and said com 
bining amplifier in such manner as to block all error 
signals from said temperature amplifier except those 
representative of values above of the critical limiting 
value of engine operating temperature, and means driven 
by said combining amplifier for actuating said fuel valve. 

8. In a system for controlling a variable quantity as 
a function of a first parameter and below a critical limit 
ing value of a second parameter, means for creating an 
electrical reference signal proportional to a desired value 
of said first parameter, means for creating a signal pro 
portional to the sensed value of said first parameter, 
means for creating a first error signal by comparing said 
reference and sensed signals, means for creating a second 
reference signal proportional to a critical maximum value 
of said second parameter, means for creating a signal 
proportional to a sensed value of said second parameter, 
a circuit for producing a second error signal by com 
paring said second reference signal with said signal pro 
portional to said second parameter, a first error signal 
amplifier and a second error signal amplifier, means sup 
plying said first error signal in inverted form to the sec 
ond error signal amplifier, a combining amplifier and 
means for supplying said first error signal to said com 
bining amplifier, a rectifier connected between said sec 
ond error signal amplifier and said combining amplifier 
in such manner as to block all error signals from said 
second error signal amplifier except those representative 
of values in excess of said critical maximum value, actu 
ating means driven by the output of said combining am 
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plifier, and means driven by said actuating means for 
controlling said variable quantity. - - - - 

9. In a system for controlling a variable quantity as 
a function of a first parameter and below an established 
limit of a second parameter, means for creating electri 
cal signals proportional to the instantaneous values of 
said first and second parameters, means for creating elec 
trical signals proportional to a desired value of said first 
parameter and a critical value of said second parameter, 
a first circuit for producing a first error signal by com 
paring said signal proportional to the instantaneous value 
of said first parameter with said signal proportional to 
said desired value of said first parameter, a second circuit 
for producing a second error signal by comparing said 
signal proportional to the instantaneous value of said 
second parameter with said signal proportional to said 
critical value of said second parameter, means supply 
ing said first error signal in inverted form to said second 
circuit, a combining amplifier having connections to said 
first and second circuits, a rectifier connected between said 
second circuit and said combining amplifier in such man 
ner as to block all error signals from said circuit except 
those representative of values above said established limit 
of said second parameter, and means driven by said com 
bining amplifier for controlling said variable quantity. 

10. In a system for supplying fuel to a gas turbine en 
gine primarily as a function of turbine speed and below 
a limiting value of engine operating temperature, means 
for producing an electrical signal proportional to the dif 
ference between actual and desired values of speed, 
means for producing a second electrical signal propor 
tional to the difference between the actual value of tem 
perature and the maximum allowable values thereof, 
means for connecting said first signal in inverted form 
to said second signal producing means, a combining am 
plifier having connections to each of said signal produc 
ing means, a rectifier connected between said second sig 
nal producing means and said combining amplifier in 
such manner as to block all signals from said means ex 
cept those representative of over-temperature values, and 
means driven by said combining amplifier for controlling 
the supply of fuel to said engine. 

11. In a system for controlling a variable quantity as 
a function of a first parameter and below a critical limit 
ing value of a second parameter, means for producing 
a signal proportional to the difference between actual and 
desired values of said first parameter, means for produc 
ing a second signal proportional to the difference between 
actual value and said critical limiting value of said sec 
ond parameter, means including a phase inverting means 
for combining said first signal in inverted form with said 
second signal, a combining amplifier having connections 
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to each of said signal producing means, a rectifier con 
nected between said second signal producing means and 
said combining amplifier in such manner as to block all 
signals from said means except those representative of 
values of said second parameter above said critical limit 
ing value, and means driven by said combining amplifier 
for controlling said variable quantity. 

12. In a system for controlling the supply of fuel to 
a gas turbine engine primarily as a function of speed and 
below a maximum limit of engine operating temperature, 
a fuel valve, means producing a speed error signal, means 
producing a temperature error signal proportional to the 
difference between a maximum temperature reference 
and the actual sensed temperature value, connections in 
cluding a phase inverting means for combining said 
speed error signal in inverted form with said tempera 
ture error signal, an amplifier having connections to said 
speed error signal producing means and said combining 
means, a rectifier connected between said combining 
means and said amplifier in such manner as to prevent 
all error signals from reaching said means except those 
representative of an over-temperature condition, and 
means driven by said amplifier for actuating said fuel 
valve. 

13. In a system for controlling a variable quantity as 
a function of a first parameter and above a critical limit 
ing value of a second parameter, means for producing 
a signal proportional to the difference between actual 
and desired values of said parameter, means for produc 
ing a second signal proportional to the difference between 
actual value and said critical limiting value of said second 
parameter, means for combining said first signal in in 
verted form with said second signal, a combining ampli 
fier having connections to each of said signal producing 
means, a rectifier connected between said second signal 
producing means and said combining amplifier in such 
manner as to block all signals from said means except 
those representative of values of said second parameter 
below said critical limiting value, and means driven by 
said combining amplifier for controlling said variable 
quantity. 
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CERTIFICATION OF CORRECTION 
Patent No. 2941, 359 Y. June 21, 1960 

David R. Miller et al. 

It is hereby certified that error appears in the above numbered pat 
ent requiring correction and that the said Letters Patent should read as 
corrected below 

Column 1 line 40, after "certain established values." 
insert the following paragraph: 

It is another object of the present invention 
to provide a control system capable of switching 
from one limiting parameter to another with a high 
degree of dependability and smoothness. 

column 6 line 48 strike out "of", second occurrence, 

Signed and sealed this 6th day of June 196l. 
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ERNEST W. SWIDER DAVID L, LADD 
Attesting Officer Commissioner of Patents 


